Major cities in developing countries are increasingly becoming motorized. Thus, effective solutions to address the negative impacts that come with rising car-ownership are needed as part of an overall travel demand management strategy. In developed and emerging economies, shared-mobility in the form of car-sharing is becoming popular as potentially lowcost and environmentally sustainable alternative to car-ownership. Yet, our understanding of car-sharing adoption and diffusion factors in developing countries is limited. In this study, we fill this gap by examining car-sharing adoption intentions among young adults aged between 18 and 35 years in Ghana, Sub-Saharan Africa. Using structural equation modelling, we model car-sharing adoption intentions based on a framework that integrates individuals' perception of the benefits of car-sharing, attitudes towards the environment and technology, trust of stewardship in car-sharing, perception of innovativeness of carsharing, travel expectations and socio-demographic factors. We found that pro-technology and pro-environmental attitudes correlate positively with perceived benefits of car-sharing. Perceived benefits of car-sharing, in turn, has the largest predictive effect on intentions to car-share. Other factors, including individuals' previous experience using Uber on-demand taxi services, gender, education, driver's licensure and expectation of comfortable and fast travel options, all predict car-sharing adoption intentions. While there exists an interest in both station-based and free-floating car-sharing services, more of the would-be users favour the latter than the former. Also, majority of the potential adopters (62%) would join a car-sharing service within the first 1 year of its introduction. An important finding is that dissatisfaction with existing public transit services underpins car-sharing intentions, implying that relying on car-sharing alone to meet travel needs, without a holistic strategy of providing quality and affordable public transit services, could lead to unsustainable outcomes.
Introduction
Globally, the transportation sector is one of the major sources of pollution, accounting for about 23% of total energy-related CO 2 emissions (EPA 2015; Sims et al. 2014) . Reducing private-car ownership, energy consumption and the overall negative impacts of the transportation sector on the environment and society are therefore crucial in the transition towards sustainable urban futures. Eco-innovations, including electric cars, electric bikes and the anticipated deployment of autonomous vehicles could transform motorized transportation in cities, and potentially aid the transition towards more sustainable mobility in the future. Notwithstanding the prospects offered by new technology, there is emerging consensus that hyper-consumerism and increasing ownership of underutilized assets such as the car are no longer sustainable (Botsman and Rogers 2010; Bardhi and Eckhardt 2012) . Instead, in the face of rapid urbanization and growing pressures on natural resources, new consumption models, which require fundamental shifts in attitudes and lifestyles, would be needed to address the socio-economic and environmental problems associated with automobile-dependence in cities across the globe (Becker et al. 2015; Shaheen and Cohen 2013) .
In recent years, shared-mobility systems, implemented as either station-based or freefloating car-sharing services are becoming popular in many cities (Becker et al. 2015; Shaheen and Cohen 2013; Prieto et al. 2017) . The rising popularity and acceptance of shared-mobility is linked to the emerging concept of collaborative consumption: a new paradigm of technology-mediated system of exchange which promotes sharing of underutilized assets such as the car as a low-cost and ecologically-sustainable alternative to ownership (Möhlmann 2015; Botsman and Rogers 2010) . With no direct purchasing and maintenance costs involved, and with expenditure on fuel and parking reduced, car-sharing is considered a cost-effective alternative to car ownership (Efthymiou et al. 2013; Ferrero et al. 2017) . Car-sharing could also reduce private car-ownership (Liao et al. 2018; Becker et al. 2018) , reduce emissions, vehicle mile travel, per capita fuel consumption and demand for parking, thereby reducing travel-induced impacts on the environment and society (Cervero et al. 2007; Rodier 2009; Firnkorn and Müller 2011) .
The diffusion of car-sharing services is, however, not a global phenomenon. Instead, as previous studies have shown, car-sharing services are particularly common in cities in Europe, North America and Australia, with new markets emerging in Asian countries including Singapore, China and Japan (see e.g. Shaheen and Cohen 2013; De Lorimier and El-Geneidy 2013; Shaheen and Martin 2010; Ohta et al. 2013; Prieto et al. 2017) . Meanwhile, as a result of rising incomes and investments in transport infrastructure, travel demand is expected to increase in developing countries, especially in cities in Africa (Sims et al. 2014) . This implies that continued dominance of privately-owned, fossil-fuel-powered cars in these regions will further increase the negative impacts of the transport sector on the environment and society.
In Ghana, for example, car ownership has been increasing in recent years. It is estimated that private vehicle to population ratio increased from 50 vehicles per 1000 population in 2010 to about 70 vehicles per 1000 population in 2015 (Ministry of Transport 2016). Moreover, out of the total fleet of about 1952,564 registered cars as at 2015, 60% and 14% were in Accra, the country's capital and Kumasi, the second largest city alone, respectively. One of the main reasons for the rising vehicle ownership in the country's major cities is the huge gap that exists between people's expectations regarding their daily travel experiences on the one hand and the poor quality of existing public transport services, which is largely informal and characterised by poor vehicle conditions, lax safety standards and unreliable schedules, on the other hand (Amoh-Gyimah and Aidoo 2013; Esson et al. 2016; Abane 2011) . Consequently, as the country's major cities continue to expand outward rapidly Stow et al. 2013 ) and vehicle ownership increases, innercity congestion, longer commuting times, journey delays and pollution typify the urban transport situation in Ghana (Armah et al. 2010; Obeng-Odoom 2010; Agyemang 2017; Adarkwa and Poku-Boansi 2011) . It is estimated that vehicular emissions alone account for about 70% of total greenhouse gas emissions in Ghana (World Bank 2009; Peprah et al. 2018) .
Although vehicle ownership is on the increase in developing countries, including Ghana, most of them are still in the very early stages of motorization (Cervero 2013; Shaheen and Martin 2010; Kutzbach 2009) . At the same time, the rate of adoption of smartphones, one of the platforms enabling mobility-as-a-service solutions such as car-sharing has increased significantly in these countries. It is estimated that about 46% of the population in developing countries have adopted smartphones (Anthes 2016) . In Ghana, it is estimated that with a population of over 25 million people, total mobile phone subscription nationwide was 36,613,987 in 2016, with an estimated mobile phone penetration rate over the same period being 131.9% (National Communications Authority 2016). With motorization being in the early stages and smartphone technology adoption increasing rapidly, the potential, exists in these countries to introduce technology-mediated travel alternatives to personal vehicle ownership (Shaheen and Martin 2010) .
Indeed, in urban areas of Ghana, for example, new transport services leveraging Information and Communication Technologies (ICT) are already being introduced. Since 2016, Uber has been providing on-demand, ICT-enabled taxi services in the country's major cities, including Accra. The presence of the Uber does not only highlight the existing need for alternative commuting options, but it also shows the potential to address those needs through a portfolio of smart and potentially sustainable transport solutions. However, to date, empirical studies exploring public attitudes towards car-sharing as an alternative to rising car-ownership, individuals' propensity to car-share and the potential of sharedmobility services to become part of the portfolio of sustainable urban transport policies in developing countries, such as Ghana are lacking. Based on evidence from other contexts, we know that consumer acceptance is crucial to successful implementation of sharedmobility systems (see e.g. Nobis 2006; Schaefers 2013) . Perhaps, more importantly, is the fact that car-sharing constitutes a new form of mobility that leverages ICT and combines aspects of conventional public transportation and private car use, implying that attitudinal and demographic factors will be important to user acceptance. Despite this, few studies have so far examined the influence of demographic and attitudinal factors on propensity to car-share globally (see e.g. Juschten et al. 2017; Prieto et al. 2017; Ohta et al. 2013; Efthymiou et al. 2013; Sioui et al. 2013; Correia and Viegas 2011) .
In view of the aforementioned gaps in the literature, we explore the behavioural influences of user adoption intentions with respect to car-sharing in Ghana, West Africa. In examining user adoption intentions for car-sharing services, we focus on young adults aged between 18 and 35 years in the three most urbanized areas in southern Ghana, namely Accra, the capital; Kumasi, the second largest city; and Sekondi-Takoradi. We do so for two main reasons. Firstly, a combination of factors, including poor quality of existing public transit services and the general believe that car-ownership is a signifier of social status, means that in the absence of reliable alternatives, aspirations for car-ownership tend to be particularly high among young adults. The extent to which this group are willing to use car-sharing to bridge the gap between their travel experiences now and their expectations, however, is not clear. Secondly, evidence from previous studies shows that car-sharing, being a new form of technology-enabled mobility, tends to attract young, highly-educated and tech-savvy individuals of moderate and upper incomes living in cities (Le Vine et al. 2014; Efthymiou et al. 2013; Bardhi and Eckhardt 2012; Prieto et al. 2017; Ohta et al. 2013) , hence the focus on this demographic in the present study. Focusing on this young demographic group of potential adopters, we deploy a conceptual framework which allows us to model the effects on car-sharing adoption intentions of socio-demographic factors; individuals' expectations with regard to their daily travels; individuals' attitudes towards technology and the environment; and individuals' perception of the innovative characteristic and benefits of car-sharing.
Our main contributions with this study are two-fold. Firstly, this is the first study to examine car-sharing adoption factors in the context of a developing country in Sub-Saharan Africa. Thus, the current study expands the scope of empirical research on shared-mobility into a previously unexplored context, thereby contributing to filling a major knowledge gap in the literature around car-sharing adoption factors in developing countries. Secondly, the study provides practical policy implications for transportation policy in developing countries and beyond. In particular, we show how dissatisfaction with existing public transit services underpins car use intentions through sharing, which, in turn, can also pose wider sustainability challenges in developing economies, if car-sharing schemes are not accompanied with and integrated into efficient and affordable public transit systems.
The remainder of this paper is organized as follows: In section two, we present related literature on collaborative consumption, car-sharing systems and user adoption behaviour. From this review, we advance a conceptual framework of car-sharing adoption behaviour and outline various hypotheses among variables represented in the framework. We discuss the overall methodology employed in this study in section three. The analysis and the discussion of the results of the study, and their policy implications are also presented in sections four and five, respectively followed by our conclusions and an outline of the limitations of the study in section six.
Collaborative consumption, shared-mobility systems and user adoption behaviour Shared-mobility constitutes one aspect of the emerging paradigm of technology-mediated exchange of goods and services underlined by economic exchange, reciprocity and efficient utilization of resources (Hartl et al. 2016) . Various terminologies, including 'collaborative consumption' (Botsman and Rogers 2010) , 'access-based consumption' (Rifkin 2001; Bardhi and Eckhardt 2012) and 'sharing-economy' (see e.g. Sundararajan 2016 ) have been coined to describe different aspects of this trend of consumption, but with the common theme of reducing waste and pressure on resources while creating economic value for underutilized assets. McLaren and Agyeman (2015) , coined the term 'sharing cities' to reflect the convergence of urban space and cyber-space in facilitating equity, inclusiveness, and environmentally efficient consumption models. More recently, the term 'Mobility-asa-Service (MaaS)' has been deployed to encapsulate a new model of mobility distribution that combines different modes to provide a tailored mobility package to customers through a single interface of a service provider (see Jittrapirom et al. 2017; Holmberg et al. 2016; Hietanen 2014) . MaaS, represents a shift away from personal ownership of transport modes towards a more need-based, on-demand mobility solutions in cities.
In their typology of collaborative consumption systems, Botsman and Rogers (2010) , capture car-sharing under what they refer to as 'product service system': a collaborative consumption model that enables people to pay for the benefits of products without themselves bearing the financial costs and/or other responsibilities associated with outright ownership. Thus, with car-sharing services, commuters, instead of purchasing their own cars, register with a company, (either publicly or privately run), providing a fleet of cars and book to use a car when it is needed. The service could be run as 'station-based' systems, where consumers make reservation for and pick cars located at fixed stations, and are required after use to return the car to the same station. Station-based systems may offer one-way or round-trip car-sharing services (Correia et al. 2014) . Car-sharing services are also being implemented as 'free-floating' systems, where customers are able to check the availability and location of cars online using a computer or smartphone (Firnkorn and Müller 2011) . Free-floating systems are a lot more flexible because reservations are not required and at the end of the ride, customers can park cars in permissible parking spaces within the car-sharing service area (Becker et al. 2017) . By eliminating the restrictions of having to set predefined stations as trip origins and destinations, free-floating car-sharing offers fast and convenient travel and thus, appeals to both public transit and private car users (Becker et al. 2017 ).
User adoption behaviour in car-sharing
Like other travel-related choices, individuals' propensity to car-share is influenced by a number of factors, including socio-psychological and socio-demographic factors (Correia and Viegas 2011; Prieto et al. 2017; Efthymiou et al. 2013) . From a socio-psychological perspective, car-sharing adoption could be considered a choice under volitional control for which individuals' attitudes are important. In Ajzen's theory of planned behaviour (Ajzen 1991) , attitude is posited as one of the key proximal determinants of behavioural intentions. Attitude reflects an individual's expectations of all the outcomes of a choice behaviour and the personal values they attach to those outcomes (Ajzen 1991) . Attitudes could be affective, representing a person's feelings or emotions about the attitude object or instrumental, reflecting the extent to which the individual believes that taking a particular decision would be beneficial or advantageous (Armitage and Conner 2001) . In relation to car-sharing, an individual's attitude would reflect their evaluation of what the positive and negative outcomes of car-sharing would be. Consequently, travel mode choice considerations including flexibility, convenience and affordability have been found to influence adoption decisions (Becker et al. 2017; Bardhi and Eckhardt 2012) .
Moreover, existing models of innovation acceptance and diffusion have demonstrated that user adoption decisions are influenced by a number of factors operating at the individual level as well as attributes of the object of choice (i.e. new technology or innovation). In Davis' (1985) model, 'perceived usefulness', which reflects an individual's belief of the extent to which adopting a new innovation will enhance the performance of specific tasks or activities, is considered one of the key determinants of user acceptance and adoption of new products. In relation to car-sharing, perceived usefulness may reflect the individual's beliefs of what the commuting benefits of car-sharing would be as opposed, for example, to using existing public transport services or owning a car. Indeed, the evidence suggests that convenience, flexibility, comfort, speed (Juschten et al. 2017; Becker et al. 2015; Correia et al. 2014) as well as cost saving-benefits (Mont 2004; Bardhi and Eckhardt 2012; Lamberton and Rose 2012) are some of the key determinants of participation in car-sharing services.
Furthermore, we know, from Rogers' technology diffusion model that within the population, user adoption decisions regarding innovation do occur over different time horizons and are linked to individuals' changing perceptions and attitudes towards innovation as well as their perception of the innovation characteristics of the new product in question (Rogers 2000) . Given that technology has been a key driver of shared-mobility, especially with free-floating car-sharing, perceptions and attitudes towards technology would most likely influence user adoption decisions. Indeed, previous empirical studies have shown that membership of car-sharing services tends to be younger, highly educated, affluent and tech-savvy individuals (Burkhardt and Millard-Ball 2006; Efthymiou et al. 2013; Le Vine et al; 2014) .
Car-sharing is seen as an environmentally sustainable alternative to car ownership (Hamari et al. 2016 ). Yet, the assertion that ecological sustainability convictions underpin car-sharing adoption (Burkhardt and Millard-Ball 2006) is not conclusive. For both stationbased and free-floating car-sharing services, Becker et al. (2017) , found that users were not motivated by environmental sustainability convictions, but instead, by openness to new and innovative services. Indeed, some proponents of the collaborative consumption paradigm have suggested that for some participants, sustainability concerns are often of secondary importance (Barnes and Mattsson 2016) , implying that ecological benefits emerge as unintended consequences of sharing (Botsman and Rogers 2010) . That notwithstanding, it would be useful to examine the links between overall attitudes towards environmental sustainability and car-sharing user adoption intentions given that motorized travel choices have environmental consequences.
In summary, the nature of travel choices in general, and car-sharing adoption in particular, implies that cross-cutting attitudinal factors interplay with socio-demographic characteristics of individuals to influence decisions. In the next section, we advance a conceptual framework based on insights from existing theoretical models and empirical research, which we subsequently deploy to model car-sharing adoption intentions among young adults in Ghana.
Conceptual model and hypotheses
The conceptual model we advance to model car-sharing adoption intentions integrate seven latent concepts and socio-demographic factors (see Fig. 1 ). The framework shows hypothesized relationships among the study variables. We depict nine pairs of hypothesized associations, using double-headed arrows, which implies that the variables in question are postulated to vary in correlation with each other. Direct effects, which indicate the predictive effect of one variable on the other are shown with single-headed arrows. There are seven hypothesized direct effects in the conceptual model.
Given that travel choices have environmental consequences, we hypothesize that individuals' attitude towards the environment will covary with their perception of the benefits of carsharing. Similarly, attitudes towards technology and innovation are postulated to covary with perceived benefit of car-sharing, given that car-sharing leverages ICT to provide on-demand travel services to customers. Moreover, in our conceptual framework, we capture individual's perception of the innovativeness of car-sharing and posit that these perceptions will covary with technology attitudes and perceived benefits of car-sharing, respectively. We include travel mode choice considerations and individual's satisfaction with their current travel modes in the conceptual model. Together, these concepts are intended to reflect the possible gaps between individuals' expectations regarding their daily travel expectations on the one hand and their experiences on the other hand. The assumption here is that, the experience-expectation gap could serve as a useful reference point for individuals to evaluate their perception of the overall benefits of car-sharing. We therefore hypothesize that travel mode choice expectations/ considerations and satisfaction with current travel modes will each, directly predict intension to car-share. Finally, since car-sharing involves using a fleet of cars with other strangers, we incorporate in our conceptual framework the concept of trust of stewardship in car-sharing as perceived by would-be users of this mobility service. We hypothesize that trust of stewardship will covary with perceived benefits of car-sharing and also have direct predictive effect on carsharing adoption intentions.
In the section that follows, we present the research methodology, which involved questionnaire design, data collection and statistical modelling techniques. 
Methodology

Survey design and data collection
We adopted a cross-sectional survey design for this research. As explained and justified in the introduction section, the targeted participants for this study were young adults living in the three major urban settlements in Ghana, namely Accra, Kumasi and Sekondi-Takoradi. We define young adults in this study as individuals aged between 18 and 35 years, following definitions contained in the national constitution of Ghana and the National Youth Policy.
We designed a structured questionnaire based on the variables represented in the conceptual framework of car-sharing adoption intentions (see Fig. 1 ). Response items of the framework concepts were presented in three themes to the survey respondents. The first theme of the questionnaire covered socio-demographic information and current travel characteristics of the respondents. The survey respondents were asked to indicate their main travel modes for their most recent work and school trips and the estimated travel times of the trips. In addition, the respondents were asked to indicate, on a five-point Likert scale, the level of importance they attach to five factors namely, comfort, flexibility, privacy, travel speed and affordability, which together reflect what they expect to have from the various transportation services they use. The study participants were also asked to indicate their overall satisfaction with the travel modes they used for their most recent school or work journey. The second theme of the questionnaire comprised indicator items that we used to measure respondents' attitudes. We formulated response items for attitudes towards the environment and technology and innovation and presented them to the participants to evaluate on a Five-point Likert scale, ranging from 1 (Strongly disagree) to 5 (Strongly agree).
In the third thematic section of the questionnaire, we focused on the concept of carsharing. As we will later show in the results section, most of the study respondents were either hearing of car-sharing for the first time or knew very little about shared-mobility services in general. In view of this, we first introduced the concept of car-sharing, providing a detailed description of the concept and its operational characteristics. We also explained in the questionnaire, the two main types of car-sharing, namely 'station-based' and 'freefloating' car-sharing. Following the description of the concept of car-sharing, we presented a series of response items to elicit our participants' perception of the benefits and innovativeness of car-sharing and whether or not they would trust to car-share with other people, on a five-point Likert Scale ranging from 1 (Strongly disagree) to 5 (Strongly agree). Next, we asked the respondents to indicate whether they "intend to join a car-sharing scheme if it were available in your city". We elicited the responses to this item on a five-point Likert Scale ranging from 1 (Definitely no) to 5 (Absolutely yes).
In the context of this study, trust was used to reflect the stewardship implications of using a communal asset in the form of car-sharing (see Bardhi and Eckhardt 2012) , but not in the sense of having to couple with other strangers on a journey in the same car, as is the case with ridesharing or conventional taxi and public transit. Thus, we asked our respondents to indicate whether or not they trust that strangers with whom they would car-share, will take good care of the cars to ensure best possible service quality. Moreover, the potential benefits of car-sharing included the respondents' perception of its usefulness for both commuting and non-commuting trips. As previous studies have shown, in the three major cities represented in this study, suburban to inner-city and within inner-city commuting flows tend to cover relatively shorter distances. For example, in Kumasi, the second largest metropolis, previous research suggests an average work-trip distance of 4.5 km (Acheampong 2017) . Similarly, in Accra, the capital city, a recent study by Agyemang (2017) found that a significant proportion of intra-urban commuting is within the 5-9 km range. Thus, given these distances, the potential exists for car-sharing services to meet both commuting and non-commuting trip purposes.
To explore our respondents' adoption intentions regarding car-sharing further, we asked their opinions regarding whether or not they would like to join a station-based car and/ or free-floating car-sharing. We also asked our respondent whether or not they would use car-sharing services during day time (i.e. between 6 am and 6 pm) or evening times (i.e. after 6 pm). Moreover, in order to capture the temporal aspects of the car-sharing adoption decisions in the population, we asked our respondents to choose from three options, which reflect when they would like to join a car-sharing scheme if it were to become available in their city. As the aim was not to administer a stated-preference survey with defined attributes for possible alternatives, the aforementioned items were not constrained into discrete choices and presented to the survey respondents. Instead, we included these items in the questionnaire as exploratory questions aimed at gaining deeper understanding of the respondents' adoption intentions.
The survey questionnaire was hosted online and distributed to the respondents via a variety of platforms including sending direct emails and/or sharing the link to the survey on social media (i.e. LinkedIn, Twitter and Facebook). We also encouraged our respondents to forward the survey to other individuals in their network.
1
Statistical analyses
We model car-sharing adoption intentions using Structural Equation Modelling (SEM) technique. Firstly, we test overall scale and sub-scale item reliability and consistency for indicator items of latent variables in our model by computing Cronbach's Alpha reliability coefficient (α). Next, we specify the measurement and structural models and evaluate model fit using model identification indices namely: the Chi square statistic (χ 
Results
Summary of respondents' background socio-demographics and travel characteristics
The online survey attracted 700 respondents. Out of this total, 647 valid responses remained for analysis after cleaning the data. 2 We present descriptive summary of the background socio-demographic information and travel characteristics of the survey respondents in Table 1 . About 40% and 36% of our respondents live in Accra and Kumasi, respectively while the remaining 24% live in Sekondi-Takoradi. The average age of our respondents is 29 years. Out of the total sample, males constitute 52%. Most of the study respondents are university-educated, who have completed a bachelor's degree/diploma (58%) or a Postgraduate degree (39%). Our respondents earn an average monthly salary of GH¢1800 (US$400), which is higher than the average monthly income of GH¢1387 (US$309) in Ghana as reported by the Ghana Living Standards Survey.
3
With respect to travel mode choice for their reference school or work trips, the results of the survey show that more than half of our respondents used public transport in the form of mini-bus/Trotro (37%), 4 bus (4%) or taxi (13%) while about 34% of them used private cars, either driving alone (19%) or car-pooling with other members of their household (15%). Only 6% of work and school trips were undertaken using non-motorized transport (i.e. walking and bicycling). In addition, nearly half of our respondents reported having a valid driver's license, despite only less than a quarter driving their own cars. There is an almost equal proportion of driver's licence holders among the respondents who are male (51%) and female (49%).
Moreover, we asked our respondents how much they knew about car-sharing before they took the online survey. Whereas 53% of the respondents reported that the concept of carsharing was completely new to them prior to taking the survey, 37% of them indicated that they have some knowledge about car-sharing as a new form of mobility. Indeed, 30% of the respondents reported that they have used Uber's on-demand taxi services, at least once in their respective cities prior to taking our survey.
Summary of responses to Likert scale items
In this section, we present the results of the study participants' responses to the indicator items used to measure the latent variables presented earlier in our conceptual model (see Fig. 1 ). Descriptive summary of the responses, which were elicited using a five-point Likert scale, is presented in Table 2 .
The response items evaluated by our respondents with respect to the perceived benefits of car-sharing reflect three broad potential outcomes of using this new form of mobility.
3 The Ghana Living Standards Survey Round 6 (GLSS6) provides the most recent data on income levels in Ghana. The survey report published in 2014 is based on a national sample of 16,772 households. According to the GLSS6, the lowest and highest quintile monthly earnings in Ghana are GH¢546 (US$121) and GH¢2100 (US$467), respectively. 4 In Ghana, Trotro are 10-19-seater privately owned minibuses used as public transport.
The first set of outcomes relate to the potential benefits of car-sharing in the form of reducing car ownership and the associated negative impacts on the environment. Results of the survey show that the majority of our respondents agree that car-sharing is a good alternative to car-ownership (62%) and that having this new form of mobility would reduce the need for a personal vehicle (58%). About seven in 10 of our respondents agree that car-sharing would contribute to reducing traffic congestion in their respective cities. With respect to the potential benefits in reducing travel-related environmental pollution through car-sharing, however, 37% of the respondents agree to the likelihood of this outcome while the majority of the respondents (i.e. 46%) were indifferent. The second group of items measuring the benefits of car-sharing reflect the participants' perception of the suitability of car-sharing for different trip purposes. More than half (54%) and 47% of the respondents agree that car-sharing would be suitable for work journeys and non-work journeys such as shopping, attending church, visiting friends and family, respectively. The third category of potential benefits of car-sharing evaluated by the respondents capture potential commuting benefits in the form of perception of safety, flexibility and travel cost savings through carsharing. With respect to safety and flexibility as likely commuting benefits of car-sharing, the majority of the respondents (38% for both response items) are indifferent while 27% agree those outcomes are likely. About two-thirds of the respondents', however, agree that they would reduce spending on travel by using car-sharing. Overall, the results show that the majority of our respondents perceive car-sharing as being a good alternative to carownership that could bring positive commuting benefits. In addition to the perceived benefits of car-sharing, we elicited responses that reflect our respondents' attitude towards the environment, technology and innovation. The results show overall positive attitude towards the environment, as about 83% of the respondents agree that they are concerned about the destruction of the environment and the associated problem of climate change. Nearly two-thirds would change their behaviour based on their concern about environmental impacts of human activities. Moreover, 84% of our respondents agree that they would spend extra money on consuming goods and services that are more environmentally friendly. Overall attitude toward technology and innovation is also high among the respondents. About 88% and 89% of the respondents indicated that advances in technology and innovation is generally a positive thing and that they are excited about the possibilities such new technologies offer in addressing societal challenges.
In our conceptual model, we posited that individuals' expectations and overall satisfaction with respect to their daily travel modes would be relevant in examining whether or not they would use new mobility services such as car-sharing. In view of this, we asked our respondents to indicate the extent to which they consider factors namely, comfort, flexibility, privacy, travel speed and affordability important in choosing a travel mode. The results (see Fig. 2) show that a significant proportion of the respondents expected their travel mode to be comfortable (78%), affordable (75%), fast (85%) and offer flexibility in travel (74%). The need for privacy did not emerge as an important expectation among 26% and 17% of the respondents who indicated indifference and disagreed to this response item, respectively; about 59% of the respondents, however, agree that privacy is important to them in their daily travel choices. With respect to overall satisfaction with travel mode they used for their most recent work or school journey, the results show that more than half of the respondents (53%) are dissatisfied with their reference mode of transportation. Our survey results further show that public transport users are more likely to be dissatisfied than private car users, as about 70% of the former group compared to only 16% of the latter group indicated that they were not satisfied with their travel experience. The aforementioned association is statistically significant (χ 2 = 156.401, df = 1; p < 0.001; Cramer's V effect size = 0.510, p < 0.001), with odds ratio estimates further revealing that public transport users are about 13 times more likely to be unhappy with their transport mode experiences compared to car users.
As shown in Table 1 , on the issue of trusting others to be good stewards in a communal sharing system, about 43% of our respondents agree that they could trust strangers with whom they would likely car-share in this regard; a further 35% were indifferent about this. On perception of innovation characteristics of car-sharing as new form of mobility, a significant percentage of our respondents (i.e. 75%) agree that car-sharing is an innovative transport solution. In addition to the above, we show in Fig. 3 that our respondents' opinions regarding whether or not they intend to join a car-sharing service if it were available in their city. The results show that more than half will intend to use this service. Whereas 17% of the respondents indicated that they have no intention of using car-sharing, about 30% of them are not sure if they would join this mobility scheme.
The results of further exploratory questions, regarding whether or not our respondents who indicated intent of using car-sharing, would join station-based and free-floating carsharing services, as well as the time period over which they are likely to use the service following its introduction are summarised in Fig. 4 . Firstly, asked whether or not they would join a station-based car-sharing assuming this type of service were to become available in their city, two-thirds of potential users indicated that they would definitely do so while the remaining 34% indicated that they would probably use station-based car-sharing (see Fig. 4a ). Next, would-be users were asked, following a description of free-floating car-sharing, whether or not they would use this type of car-sharing service, assuming it were available in their city. Our results show that the percentage of would-be users who indicated that they would definitely use free-floating car-sharing service increased to 71%. Also, a greater percentage of our respondents who intend to participate in car-sharing (i.e. 82%) would definitely use the service during the day-time between the hours of 6am and 6 pm. On the likelihood of using the service during the evening (i.e. the hours after 6 pm), Fig. 3 Summary of individuals' responses to item measuring intention to use car-sharing majority of our respondents (i.e. 83%) who have interest in car-sharing indicated that they would definitely not use this mode of transportation (see Fig. 4b ).
Finally, the temporal aspects of individuals' car-sharing adoption intentions, which also partially reflect potential adoption levels in the diffusion cycle of service are examined. Results of the survey show that most of our respondents who expressed interest in using car-sharing services (i.e. 62%) would join a service within the first 1 year of it becoming available in their city (see Fig. 4c ). About 29% of potential users would participate in car-sharing within the first 2-5 years of its introduction, the remaining 9% would wait a lot longer, after 5 years or more, before joining a car-sharing service in their respective cities. Overall, results on the potential times horizons of adoption intentions outlined above, suggest a potentially large early-adopter threshold population that could provide the critical-mass needed to sustain the service. Fig. 4 Summary of individuals' responses to items measuring: a interests in station-based and free-floating car-sharing services; b likelihood of car-sharing during day-time and evening-time; and c intended adoption periods following introduction of car-sharing services (Respondents who initially indicated that they would want to use car-sharing services subsequently responded to this item. For each service type (i.e. stationbased and free-floating car-sharing), all the potential users of carsharing (n = 301) were asked to choose one of two answers, 'definitely yes' or 'probably yes')
Modelling the determinants of user adoption intentions for car-sharing
In modelling the determinants of car-sharing adoption intentions, we specify a SEM. The outcome variable in the model is respondents' opinions regarding whether or not they would join car-sharing service, which we presented in Fig. 3 . The explanatory variables in the model comprise socio-demographic factors, and the Likert scale response items which we have presented in Table 2 and Fig. 2 . The path diagram of the model is presented in Fig. 5 . In our SEM of car-sharing adoption intentions, we establish several pairs of association and direct effect relationships between variables (see Table 3 ). Below, we present the results of associations between variables first, followed by that of the direct predictive effects.
The SEM results show a positive association between pro-technology attitudes and proenvironmental attitudes. There is a significant relationship between educational attainments and pro-environmental attitudes, although the size of the effect is small. We also found that perceived benefits of car-sharing correlates positively with both pro-environmental and pro-technology attitudes, suggesting that individuals having these positive attitudes are more inclined to agree that, ICT-mediated car-sharing service could be a good alternative to car-ownership, thereby helping to reduce car ownership, congestion and pollution, while bringing potential travel cost saving benefits, among others. Moreover, results of the SEM show that individuals with positive attitude towards technology also tend to agree that carsharing is an innovative new model of travelling. Perception that car-sharing is innovative, in turn, correlates positively with perceived benefits of car-sharing. We also found that There is also a small but statistically significant association between educational attainments and trust in car sharing with other people, suggesting that individuals with higher levels of education are more accepting of the idea that car sharing with strangers would bring about good stewardship standards. We also established positive associations among the individual variables measuring our respondents' expectations regarding their daily commuting, namely comfortability, flexibility, affordability and privacy. This finding suggests that these individual items are indeed evaluated together as a bundle of considerations that individuals expect and prioritize in their daily travel choices. Finally, our results show that car-ownership correlates positively with higher levels of education, and an individual's overall satisfaction with their daily work/school travel experiences. In addition to the aforementioned covariations among variables included in the SEM, we found a number of direct predictive effects on individuals' car-sharing adoption intentions. Results of the SEM show that controlling for other variables, perceived benefits of carsharing has the largest, positive effect on individuals' intention to use car-sharing (standardized path co-efficient = 0.690). This suggests, among our respondents, car-sharing adoption intentions increase with positive perception of the benefits of using this new mode of travel. Despite environmental attitudes, technology attitudes and perception of innovation characteristics of car-sharing correlating positively with perceived benefits, these factors do not have statistically significant effects in terms of predicting whether or not an individual would want to use car-sharing service. Furthermore, we found that Uber-experience predicts car-sharing adoption intentions (standardized path co-efficient = 0.114), suggesting that individuals who have used Uber on-demand taxi services in the past are more likely to want to join car-sharing should the service become available in their city. Controlling for other variables, affordability and flexibility as priorities/expectations with regard to travel mode choice have negative predictive effects on car-sharing adoption intentions, while expectations of comfort and travel speed positively predict car-sharing adoption intentions. Our results also show that gender has a negative predictive effective on car-sharing adoption intentions, controlling for other factors in the model. In the context of our model, this finding suggests that females are more likely to not want to participate in a car-sharing scheme. Also, education has a negative predictive effect on adoption intentions. This suggest that individuals in our sample with advance qualifications beyond a bachelor's degree/ diploma are less likely to want to use car-sharing services. Finally, we found that driver's licensure positively predicts car-sharing adoption intentions, implying that young adults in our sample, who have obtained a driver's licence, but do not necessarily own a car currently, are more likely to want to participate in car-sharing. 
Discussion of findings and policy implications
In this paper, we have examined the factors behind young adults' intention to use carsharing services in Ghana. We have deployed a conceptual framework that integrates individuals' perception of the benefits of car-sharing, attitudes towards the environment and technology, trust of stewardship in car-sharing, perception of innovativeness of car-sharing, travel expectations and socio-demographic factors to understand whether or not our study participants would use car-sharing services. We first explored our participants' responses to a range of items which we formulated based on our conceptual framework, and subsequently brought all the variables together to specify a structural equation model of carsharing adoption intentions. The results show that overall, the majority of our respondents recognize car-sharing would bring a number of benefits, including reducing car-ownership and congestion, being suitable for work and non-work journeys and reducing spending on travel. We also found general positive attitude towards the environment and technology, and the perception that car-sharing is an innovative model of urban transportation. From the SEM, we found that individuals with pro-technology and pro-environmental attitudes also tend to agree that car-sharing could lead to positive commuting and environmental outcomes. Findings of previous research (Burkhardt and Millard-Ball 2006; Efthymiou et al. 2013; Becker et al. 2017) show that pro-technology attitudes, which partly reflect openness to new ideas, tend to have positive association with intended adoption and/or use of car-sharing services. As Becker et al. (2017) found, patronage of car-sharing services tends to be influenced, partly, by readiness to accept new innovations. Results of our analysis further show that individuals who agree that car-sharing is an innovative alternative of commuting also recognize that using the service would, overall, yield positive outcomes. Perhaps, more important is our finding that, perceived benefits predict adoption intentions, implying that individuals with positive perceptions about the likely benefits of car-sharing are more likely to want to use the service if it becomes available in their city.
Moreover, we found that while the majority of our respondent indicated not knowing about car-sharing prior to filling in the survey for this research, some of them have in the past used Uber on-demand taxi services in their city. Including this past experience as a predictor variable in our model, we established that it has a positive predictive effect on adoption intentions, suggesting that individuals who have used Uber on-demand taxi services in the past are more likely to want to join car-sharing, controlling for other factors.
Two socio-demographic factors in our model, namely gender and education have statistically significant explanatory effect on car-sharing adoption intention. Our findings suggest that females are less likely to want to participate in car-sharing. Previous studies have arrived at a similar conclusion that that being male significantly increases the probability to want to car-share (Prieto et al. 2017) or use car-sharing services where they are available (Burkhardt and Millard-Ball 2006) . The effect of education on adoption intentions in our study is negative. While this finding contradicts previous findings that young and highly educated individuals tend to use car-sharing more (see e.g. Le Vine et al. 2014; Efthymiou et al. 2013; Bardhi and Eckhardt 2012; Prieto et al. 2017) , in the context of our study it has to be interpreted carefully. This is because, as the results of the survey have shown, the majority of our respondents have higher level education qualifications. In our model, based on the coding of education variable, the above finding means that the effect of education on adoption intention turns negative as education increases towards advanced degrees (i.e. master's degree or higher). Thus, there appears to be a threshold point for educational attainments in our model, which is a bachelor's degree/diploma, beyond which its effect on intention to use car-sharing becomes negative. Indeed, from the analysis, we established that car-ownership is positively correlated with higher education, and that car-owners are more satisfied with their travel mode than public transit users, for example. That more highly educated individuals in our sample already own cars and are more satisfied using a private car, could, therefore, explain why they are less likely to want to car-share.
Our model also examined the effect on car-sharing adoption intention of driver's licensure, controlling for other factors. We found a positive predictive effect, which implies that individuals who have obtained a driver's license are more likely to want to participate in car-sharing. In the context of our study, we explain this finding as follow: We found that while nearly half of our respondents reported having a valid driver's license, less than a quarter of them actually owned a car, probably because they cannot afford to do so. Driving licensure reflects aspirations to drive, and has been found to be a key predictor of caruse (Bailey et al. 2016; Kar et al. 2017) . Thus, coupled with the fact that the majority of non-car users are dissatisfied with the poor quality of existing public transport services, this finding could reflect the possibility that people who can drive, but do not necessarily own cars, find being able to bridge the gap between their travel expectations on the one hand and their experiences using public transit on the other hand, by using car-sharing services. Indeed, as our findings show, expectation of comfort and travel speed in relation to travel mode choice, which existing public transit services are failing to provide, positively predict car-sharing adoption intentions.
Last but not least, we found that there exists an interest in both station-based and freefloating car-sharing services among would-be users of car-sharing. Further exploration of our respondents' interests shows that the number of individuals who would definitely use a free-floating service is higher than those who would definitely use a station-based service. This finding could implicitly reflect the recognition that the former would be more convenient, as they would not be required, after use, to return the car to the same station. Also, about two-thirds of would-be users indicated wanting to join car-sharing services within the first 1 year of its introduction, suggesting a potentially lager early-adopter threshold population that could provide the critical mass needed to sustain the service.
The findings of this research have specific implications for transportation policy and practice in Ghana and other developing countries. The first implication of the study derives from our finding on the overall positive attitude towards car-sharing among the respondents. In particular, the underlying positive environmental attitudes point to a possible behaviour change preparedness towards embracing car-sharing, as a potentially environmentally-friendly alternative to car-ownership. Moreover, as lessons from other countries have shown, for collaborative consumption systems such as car-sharing to be viable, a critical mass of users, is critical. In this regard, urban transport policy could leverage the positive attitudes towards car-sharing revealed in this study to introduce car-sharing systems, with the aim to ultimately reducing car ownership.
Furthermore, the findings of this study have practical implications for the implementation of car-sharing as well as the interaction of this new mobility solution with conventional public transport in Ghana and other developing countries. Firstly, we have argued that given the relatively shorter distances covered by suburban to inner-city and within inner-city trips in urban Ghana, the potential exists for car-sharing to meet both commuting and non-commuting trip purposes. As our findings show, more individuals would want to use a free-floating service, implying that it would probably be ideal for city authorities to implement flexible free-floating car-sharing systems, in order to increase service use for commuting trips in particular.
However, within the broader imperative of achieving sustainable urban mobility, carsharing must not be seen as a solution separate from other travel demand management strategies. Instead, car-sharing must be accompanied by and integrated into an efficient and affordable public transit system. This is particularly crucial in the context of the findings of this study, which suggest that public transit users, the majority of whom are dissatisfied with the existing services, are more likely to want to car-share. Thus, without adequate investment in public transit, the experience-expectation gap in peoples' daily travel mode choices could see more people using low-occupancy car-sharing services instead of public transport. This could offset any positive sustainability benefits that car-sharing might bring in the long term.
Conclusion and limitations
This study has contributed to filling a major gap in the literature around car-sharing adoption factors by focusing on Ghana, a developing country in Sub-Saharan Africa. We have examined the interplay among a number of factors, including socio-demographic characteristics, perceived benefits of car-sharing, environmental attitudes and experience-expectations gaps regarding existing travel options in shaping car-sharing adoption intentions. We have also outlined practical policy applications of the research findings. Despite the contributions of the current study, there are some limitation worth highlighting. The current research focused on young adults as one of the potential groups of car-sharers. Given that this is only sub-group of the population, it would be useful for future work to explore car-sharing attitudes and use intentions in the general population. It would also be worth exploring the topic in multiple developing countries to derive comparative understanding of public perceptions and attitudes, and the implications for implementing shared-mobility systems in these contexts.
